SCANNING CIRCUIT, AND IMAGING APPARATUS 
HAVING THE SAME 



RELATED APPLICATION 

This application is based on application No. 2000-353920 filed in Japan, 
the entire content of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a scanning circuit used in imaging devices 
and image display devices, and more particularly, to a scanning circuit suitable for 
high-speed operation. 

2. Description of the Related Art 

The schematic circuit diagram of FIG. 10 shows the internal structure of a 
conventional scanning circuit used in imaging devices and image display devices. 
The scanning circuit shown in FIG. 10 has a number, n, of transfer stages (tal to 
tan) that generate a sequence of pulses. The transfer stages each comprise two 
switches and two inverters. That is, the k-th (k is a natural number where l<k<n) 
transfer stage tak comprises: a switch ska one end of which is supplied with an 
output from the transfer stage ta(k-l); an inverter ika the input side of which is 
connected to the other end of the switch ska; a switch skb one end of which is 
connected to the output side of the inverter ika; and an inverter ikb the input side 
of which is connected to the other end of the switch skb (FIG. 10 shows the first to 
the third stages). The output from the inverter ikb is the output outk of the 
transfer stage tak. For example, when the scanning circuit of FIG. 10 is used with 
a solid-state image sensing device in an imaging apparatus, the output outk is 
output as a signal for scanning the solid-state image sensing device. 

To the scanning circuit of FIG. 10, clock signals Xa and Xb for alternately 
operating the switches provided in each transfer stage are supplied with phases that 
are shifted relative to one another. In the k-th transfer stage tak, when the clock 



signal Xa is high, the switch ska is on, and when the clock signal Xb is high, the 
switch skb is on. 

Therefore, in a case where the output out(k-l) of the transfer stage ta(k-l) 
is output as a high-level pulse signal, when the clock pulse Xa is supplied to turn 

5 on the switch ska, a high-level signal is input to the inverter ika via the switch ska 
and a low-level signal is output from the inverter ika. Then, when the switch ska 
is turned off and the clock pulse Xb is supplied to turn on the switch skb, a low- 
level signal is input to the inverter ikb via the switch skb and a high-level signal is 
output from the inverter ikb as an output outk of the transfer stage tak. At this 

10 time, the output out(k-l) of the transfer stage ta(k-l) becomes low. 

Then, when the clock pulse Xa is again supplied to turn on the switch ska, 
the low-level signal is input to the inverter ika via the switch ska and a high-level 
signal is output from the inverter ika. Then, when the clock pulse Xb is supplied 
to turn on the switch skb, the high-level signal is input to the inverter ikb via the 

15 switch skb and a low-level signal is output from the inverter ikb as the output outk 
of the transfer stage tak. 

Assume now that a start pulse that is high is supplied to the switch sla of 
the transfer stage tal while the clock signal Xb is low, and the clock pulse Xa is 
supplied while the start pulse is high, as shown in FIG. 11. At this time, the 

20 switches sla to sna are turned on by the clock pulse Xa. Moreover, the output of 
the inverter ila becomes low and the outputs of the inverters i2a to ina become 
high. 

Then, when the start pulse is driven low and the clock pulse Xb is 
supplied, the switches sib to snb are turned on. At this time, the output of the 
25 inverter ilb becomes high and the outputs of the inverters i2b to inb become low. 
Consequently, as shown in FIG. 11, the output outl of the transfer stage tal 
becomes high and the outputs out2 to outn of the transfer stages ta2 to tan become 
low. 
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Then, when the clock pulse Xa is supplied again, the switches sla to sna 
are turned on, the output of the inverter i2a becomes low and the outputs of the 
inverters ila and i3a to ina become high. Then, when the clock pulse Xb is 
supplied, the switches sib to snb are turned on, the output of the inverter i2b 
5 becomes high and the outputs of the inverters ilb and i3b to inb become low. 
Consequently, as shown in FIG. 11, the output out2 of the transfer stage ta2 
becomes high and the outputs outl and out3 to outn of the transfer stages tal and 
ta3 to tan become low. 

Thus, by alternately supplying the high-level clock pulses Xa and Xb, as 

10 shown in FIG. 11, the outputs outl to outn of the number, n, of transfer stages tal 
to tan are output in order of outl, out2, out3, ... as high-level pulse signals for 
scanning. The width (pulse width) of the output waveform of the output outk is 
the same as the length of one period of the clock signals Xa and Xb. 

In the conventional scanning circuit that outputs a signal for scanning in 

15 this manner, since the clock pulses Xa and Xb are alternately supplied so as not to 
overlap each other, it is necessary that the pulse width of one clock be less than 
half the pulse width of the output outk. On the other hand, there is an upper limit 
to the frequency of the externally input clock signals Xa and Xb. Therefore, the 
pulse width of the output outk from the scanning circuit can be reduced only to a 

20 width corresponding to the limit of the frequency of the clock signals Xa and Xb. 
Consequently, the driving speed of the driving circuit of an imaging device or an 
image display device having such a scanning circuit is limited by the scanning 
circuit, so that a sufficient driving speed cannot be achieved. 

SUMMARY OF THE INVENTION 
25 In view of this problem, an object of the present invention is to provide a 

scanning circuit suitable for operating at a higher speed than the conventional 
scanning circuit when clock signals having the same frequency as those in the prior 
art are supplied. 
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To attain the above-mentioned object, according to an aspect of the present 
invention, a scanning circuit comprises: a number, n (n is an integer not less than 
2), of transfer stages connected in series; and an output circuit that outputs, as a ki- 
th-stage (k is a natural number where 1< k< n) pulse signal for scanning, a signal 

5 generated by an AND function of an input to a k-th transfer stage and an output 
from the k-th transfer stage. By alternately driving odd-numbered and even- 
numbered ones of the number, n, of transfer stages, the number, n, of pulse 
signals for scanning are output one by one from the output circuit. 

In this scanning circuit, when the odd-numbered transfer stages are driven 

10 in a case where a start pulse which is high is supplied to the first transfer stage, a 
high-level signal is output from the first transfer stage. At this time, when the 
output circuit comprises a number, n, of logic gates that calculate the AND 
functions of the inputs and the outputs of the transfer stages, the first-stage pulse 
signal for scanning is output from the logic gate supplied with the start pulse which 

15 is high and the high-level signal from the first transfer stage. 

Then, when the even-numbered transfer stages are driven next, a high-level 
signal is output from the second transfer stage supplied with the high-level signal 
from the first transfer stage. At this time, the second-stage pulse signal for 
scanning is output from the logic gate supplied with the high-level signals from the 

20 first and the second transfer stages. As described above, by alternately driving the 
odd-numbered and the even-numbered transfer stages, the third-, the fourth-, ... 
and the n-th-stage pulses for scanning are successively output from the output 
circuit. 

According to another aspect of the present invention, a scanning circuit 
25 comprises: a number, n (n is an integer not less than 2), of transfer stages 

connected in series; and an output circuit supplied with a first pulse and a second 
pulse whose phases are opposite to each other, said output circuit comprising: a 
first logic gate circuit that obtains an AND function of an output of an odd- 
numbered one of the number, n, of transfer stages and the first pulse; and a second 
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logic gate circuit that obtains an AND function of an output of an even-numbered 
one of the number, n, of transfer stages and the second pulse. By alternately 
driving odd-numbered and even-numbered ones of the number, n, of transfer 
stages and alternately driving the first and the second logic gate circuits of the 

5 output circuit by the first and the second pulses, first- to n-th-stage pulse signals 
for scanning are output one by one from the output circuit. 

In this scanning circuit, when the odd-numbered transfer stages are driven 
in a case where a start pulse which is high is supplied to the first transfer stage, a 
high-level signal is output from the first transfer stage. At this time, when the first 

10 logic gate circuit comprises a plurality of logic gates that calculate the AND 

functions of the inputs of the transfer stages and the first pulse, the first pulse is 
supplied simultaneously with the driving of the odd-numbered transfer stages, and 
the first-stage pulse signal for scanning is output from the logic gate supplied with 
the first pulse and the high-level signal from the first transfer stage. 

1 5 Then, when the even-numbered transfer stages are driven next, a high-level 

signal is output from the second transfer stage supplied with the high-level signal 
from the first transfer stage. At this time, when the second logic gate circuit 
comprises a plurality of logic gates that calculate the AND functions of the inputs 
of the transfer stages and the second pulse, the second pulse is supplied 

20 simultaneously with the driving of the even-numbered transfer stages, and the 

second-stage pulse signal for scanning is output from the logic gate supplied with 
the second pulse and the high-level signal from the second transfer stage. As 
described above, by alternately driving the odd-numbered and the even-numbered 
transfer stages and supplying the output circuit with the first and the second pulses 

25 whose phases are opposite to each other, the third-, the fourth-, ... and the n-th- 
stage pulses for scanning are successively output from the output circuit. 

Moreover, in this scanning circuit, after driving of the odd-numbered ones 
of the number, n, of transfer stages is started, driving of the first logic gate circuit 
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is started, and after driving of the even-numbered ones of the number, n, of the 
transfer stages is started, driving of the second logic gate circuit is started. 

Further, in the above-described scanning circuit, the transfer stages each 
comprise: a switch one end of which is supplied with an output of a preceding 
5 transfer stage; and a buffer an input side of which is connected to the other end of 
the switch and an output side of which is connected to a switch of a succeeding 
transfer stage. 

According to still another aspect of the present invention, a scanning circuit 
comprises: a number, x (x is an integer not less than 2), of first transfer stages to 

10 which a first clock and a second clock are input at different times and that 

performs a transfer operation so that a signal supplied to an input side when the 
second clock is input after the first clock is input is output to an output side; a 
number, y (y is x-1 or x), of second transfer stages to which the first clock and the 
second clock are input at different times and that perform a transfer operation so 

15 that a signal supplied to an input side when the first clock is input after the second 
clock is input is output to an output side; and an output circuit that outputs, as a 
(2a-l)-th-stage (a is a natural number where 1< a< y) pulse signal for scanning, a 
signal generated by an AND function of an output of an a-th first transfer stage 
and an output of an a-th second transfer stage, and outputs, as a 2b-th-stage (b is a 

20 natural number where 1 b x-1) pulse signal for scanning, a signal generated by an 
AND function of an output of a (b+ l)-th first transfer stage and an output of a b- 
th second transfer stage, and (x+y-l)-th-stage pulse signals for scanning are 
output one by one from the output circuit. 

In this scanning circuit, when the first clock and the second clock are 

25 successively input in a case where a start pulse which is high is supplied to the 

initial first and second transfer stages, a high-level signal is output from the initial 
first transfer stage. Then, when the first clock is input again, a high-level signal is 
output from the initial second transfer stage. At this time, when the output circuit 
comprises a plurality of logic gates that calculate the AND functions of the outputs 
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of the first transfer stages and the outputs of the second transfer stages, a first- 
stage pulse signal for scanning is output from the logic gate supplied with the high- 
level signals from the initial first and second transfer stages. 

Then, when the second clock is input again, a high-level signal is output 
5 from the next first transfer stage. At this time, a second-stage pulse signal for 

scanning is output from the logic gate supplied with the high-level signal from the 
initial second transfer stage and the high-level signal from the next first transfer 
stage. As described above, by alternately inputting the first and the second clocks 
to the first and the second transfer stages, the third-, the fourth-, ... and the n-th- 

10 stage pulses for scanning are successively output from the output circuit. 

In the above-described scanning circuit, the first transfer stages each 
comprise: a first switch one end of which is supplied with an output of a preceding 
first transfer stage and that is turned on by the first clock; a first inverter an input 
side of which is connected to the other end of the first switch; a second switch one 

15 end of which is connected to an output side of the first inverter and that is turned 
on by the second clock; and a second inverter an input side of which is connected 
to the other end of the second switch and an output side of which is connected to 
the first switch of a succeeding first transfer stage. The second transfer stages 
each comprise: a third switch one end of which is supplied with an output of a 

20 preceding second transfer stage and that is turned on by the second clock; a third 
inverter an input side of which is connected to the other end of the third switch; a 
fourth switch one end of which is connected to an output side of the third inverter 
and that is turned on by the first clock; and a fourth inverter an input side of which 
is connected to the other end of the fourth switch and an output side of which is 

25 connected to the third switch of a succeeding second transfer stage. 

Further, the object of the present invention is attained by pulse signal 
generating means comprising: 
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a transfer stage portion comprising a plurality of transfer stages connected 
in series, said transfer stages each including at least one switch for passing current 
in a direction in which the transfer stages are connected in series; 

a first pulse generating portion that supplies a first driving pulse to the first 
5 switches in the transfer stage portion at predetermined intervals; 

a second pulse generating portion that supplies a second driving pulse 
whose phase is shifted from that of the first driving pulse, at the predetermined 
intervals, to second switches of the transfer stages which switches are not included 
in the first switches; and 
10 an output portion that outputs pulse signals successively from a plurality of 

gates connected to the transfer stages at intervals shorter than the predetermined 
intervals. 

In the above-described means, 

the gates comprise: first gates capable of outputting pulse signals by being 
15 supplied with the first driving pulse; and second gates capable of outputting pulse 
signals by being supplied with the second driving pulse, and 

a pulse signal for scanning an output alternately from a gate included in the 
first gates and a gate included in the second gates. 

Moreover, the object of the present invention is attained by pulse signal 
20 generating means comprising: 

a transfer stage portion comprising a plurality of transfer stages connected 
in series, said transfer stages each including at least one switch for passing current 
in a direction in which the transfer stages are connected in series, said switches 
each being assigned to one of a plurality of groups; 
25 a plurality of clock generating portions each corresponding to one of the 

groups, said clock generating portions supplying driving pulses having 
predetermined periods whose phases are shifted from one another, to the switches 
assigned to the groups to which the clock generating portions correspond, and 



an output portion that outputs pulse signals from the gates connected to the 
transfer stages, said transfer stage portion being structured so as to output pulse 
signals successively from the gates at intervals shorter than the predetermined 
periods of the driving pulse. 

5 Moreover, an imaging apparatus is structured by use of the above- 

described scanning circuit. In that case, the scanning circuit is used as a circuit for 
main scanning (horizontal circuit). In this imaging apparatus, by using the above- 
described scanning circuit as the horizontal scanning circuit, the horizontal 
scanning circuit requiring high-speed driving can be sufficiently operated with 

10 clocks of a low frequency. 

The invention itself, together with further objects and attendant advantages, 
will best be understood by reference to the following detailed description taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 is a schematic circuit diagram showing the internal structure of a 

scanning circuit of a first embodiment; 

FIG. 2 is a timing chart showing the operation of the scanning circuit of the 
first embodiment; 

FIG. 3 is a schematic circuit diagram showing the internal structure of a 
20 scanning circuit of a second embodiment; 

FIG. 4 is a timing chart showing the operation of the scanning circuit of the 
second embodiment; 

FIG. 5 is a schematic circuit diagram showing the internal structure of a 
scanning circuit of a third embodiment; 
25 FIG. 6 is a timing chart showing the operation of the scanning circuit of the 

third embodiment; 

FIG. 7 is a schematic circuit diagram showing the internal structure of a 
scanning circuit of a fourth embodiment; 



-9- 



FIG. 8 is a timing chart showing the operation of the scanning circuit of the 
fourth embodiment; 

FIG. 9 is a block diagram showing the internal structure of an imaging 
apparatus having the scanning circuit of the present invention; 

FIG. 10 is a schematic circuit diagram showing the internal structure of the 
conventional scanning circuit; and 

FIG. 11 is a timing chart showing the operation of the conventional 
scanning circuit. 

In the following description, like parts are designated by like reference 
numbers throughout the several drawing. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Different embodiments of the present invention will be described. 
< First Embodiment > 

A first embodiment of the present invention will be described with 
reference to the drawings. FIG. 1 is a schematic circuit diagram showing the 
internal structure of a scanning circuit of the present embodiment. FIG. 2 is a 
timing chart showing the operation of the scanning circuit of the present 
embodiment. 

The scanning circuit of FIG. 1 comprises: a buffer bO the input side of 
which is supplied with a start pulse; a number, n (where n is an integer not less 
than 2), of transfer stages Tl to Tn connected in series; and a number, n, of AND 
circuits A 1 to An supplied with signals input to and output from the transfer stages 
Tl to Tn (the first to the sixth stages are shown in FIG. 1). The transfer stages Tl 
to Tn each comprise one switch and one buffer. That is, the k-th (k is a natural 
number where 1< k< n) transfer stage Tk comprises: a switch skx (x represents 
either a or b), one end of which is supplied with the output from the transfer stage 
T(k-l); and a buffer bk the input side of which is connected to the other end of the 
switch skx. The input end of the switch skx and the output side of the buffer bk 
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are connected to the input terminals of the AND circuit Ak. The output outk of 
the AND circuit Ak is used as a signal for scanning. 

The switches ska provided in the odd-numbered ones of the transfer stages 
Tl to Tn are switched by a clock signal Xa generated by a first clock generating 
5 source 1 1 . The switches skb provided in the even-numbered ones of the transfer 
stages Tl to Tn are switched by a clock signal Xb generated by a second clock 
generating source 12. Therefore, when the clock signal Xa is high, the switches 
sla, s3a, s5a, ... of the transfer stages Tl, T3, T5, ... are on (closed), and when 
the clock signal Xb is high, the switches s2b, s4b, s6b, ... of the transfer stages 
10 T2, T4, T6, ... are on. The first clock generating source 11 and the second clock 
generating source 12 alternately generate clock pulses Xa and Xb as shown in 
FIG. 2. 

In the scanning circuit structured as described above, a start pulse that is 
high is supplied to the first transfer stage Tl via the buffer bO, while the clock 

15 signal Xb is low as shown in FIG. 2. Then, when the clock pulse Xa is supplied 
while the start pulse is high, the switches sla, s3a, s5a, ... of the odd-numbered 
transfer stages Tl, T3, T5, ... are turned on. Consequently, since the state is such 
that a high-level signal is input only to the buffer bl of the transfer stage Tl 
supplied with the start pulse via the buffer bO, a high-level signal is output via the 

20 switch sla and the buffer bl of the transfer stage Tl. 

At this time, since the signal input to the transfer stage Tl is high and the 
signal output from the transfer stage Tl is high, the two inputs to the AND circuit 
Al are high, so that the output outl from the AND circuit Al is high. Then, after 
the switches sla, s3a, s5a, ... are turned off, the start pulse becomes low, when 

25 the clock pulse Xb is supplied, and one of the inputs to the AND circuit Al 
becomes low, so that the output outl becomes low. 

Moreover, at this time, the switches s2b, s4b, s6b, ... of the even- 
numbered transfer stages T2, T4, T6, ... are turned on. Consequently, since the 
current state is such that a high-level signal is supplied only to the buffer b2 of the 
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transfer stage T2 connected to the transfer stage Tl, a high-level signal is output 
via the switch s2b and the buffer b2 of the transfer stage T2. At this time, since 
the signal input to the transfer stage T2 is high and the signal output from the 
transfer stage T2 is high, the two inputs to the AND circuit A2 are high, so that 
5 the output out2 from the AND circuit A2 is high. 

Then, when the clock pulse Xa is supplied again after the switches s2b, 
s4b, s6, ... are turned off, the switches sla, s3a, s5a, ... of the odd-numbered 
transfer stages Tl, T3, T5, ... are turned on, so that a low-level signal is input to 
the odd-numbered transfer stages other than the transfer stage T3 supplied with a 
10 high-level signal from the transfer stage T2. At this time, since a low-level signal 
is input also to the transfer stage Tl, a low-level signal output via the switch sla 
and the buffer bl of the transfer stage Tl is input to the AND circuit A2, so that 
the output out2 becomes low. 

Moreover, the transfer stage T3 performs an operation similar to that 
15 performed by the transfer stage Tl when the start pulse is supplied and the clock 
pulse Xa is supplied. Consequently, the signal input to the transfer stage T3 is 
high and the signal output from the transfer stage T3 is high, so that the output 
out3 from the AND circuit A3 is high. 

Then, when the clock pulse Xb is supplied again after the switches sla, 
20 s3a, s5a, ... are turned off, the transfer stage T2 performs an operation similar to 
that performed by the transfer stage Tl when the clock pulse Xa is supplied and 
the output out3 is output, so that the signal output from the transfer stage T2 
becomes low. Moreover, since the transfer stage T4 performs an operation similar 
to that performed by the transfer stage T2 when the clock pulse Xb is supplied and 
25 the output out2 is output, the signal input to the transfer stage T4 is high and the 
signal output from the transfer stage T4 is high, so that the output out4 from the 
AND circuit A4 is high. 

By alternately supplying the clock pulses Xa and Xb to thereby alternately 
drive the odd-numbered transfer stages Tl, T3, T5, ... and the even-numbered 
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transfer stages T2, T4, T6, ... as described above, the outputs outl to outn can be 
output from the AND circuits A 1 to An in order of outl, out2, out3, ... and outn 
as pulse signals for scanning. 

By doing this, the pulse width of the clock pulses Xa and Xb externally 
5 input to the scanning circuit can be less than the full length of the pulse width of 
the output outk and can be twice that in the prior art. Consequently, pulse signals 
for high-speed scanning can be output from the scanning circuit with clocks having 
a lower frequency than those in the prior art. 
< Second Embodiment > 

10 A second embodiment of the present invention will be described with 

reference to the drawings. FIG. 3 is a schematic circuit diagram showing the 
internal structure of a scanning circuit of the present embodiment. FIG. 4 is a 
timing chart showing the operation of the scanning circuit of the present 
embodiment. In the scanning circuit of FIG. 3, the same parts as those of the 

15 scanning circuit of FIG. 1 are denoted by the same reference numbers, and 
detailed descriptions thereof are omitted. 

The scanning circuit of FIG. 3 comprises: a number, n (n is an integer not 
less than 2), of transfer stages Tl to Tn connected in series; and a number, n, of 
AND circuits al to an supplied with signals output from the transfer stages Tl to 

20 Tn. Each transfer stage Tk comprises, as in the first embodiment (FIG. 1), a 
switch skx and a buffer bk (the first to the sixth stages are shown in FIG. 3). 

The switches ska provided in the odd-numbered ones of the transfer stages 
Tl to Tn are switched by a clock signal Xa generated by a first clock generating 
source 21. The switches skb provided in the even-numbered ones of the transfer 

25 stages Tl to Tn are switched by a clock signal Xb generated by a second clock 
generating source 22. Therefore, when the clock signal Xa is high, the switches 
sla, s3a, s5a, ... of the transfer stages Tl, T3, T5, ... are on, and when the clock 
signal Xb is high, the switches s2b, s4b, s6b, ... of the transfer stages T2, T4, 
T6, ... are on. The first clock generating source 21 and the second clock 
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generating source 22 alternately generate clock pulses Xa and Xb as shown in 
FIG. 4. 

Moreover, a gate pulse Gb is supplied to one input of the odd-numbered 
AND circuits al to an, the other inputs of which are supplied with signals output 
5 from the odd-numbered transfer stages. A gate pulse Ga is supplied to one input 
of the even-numbered AND circuits, the other inputs of which are supplied with 
signals output from the even-numbered transfer stages. The gate pulses Ga and Gb 
are supplied so that the phases thereof are opposite to each other, and the pulse 
width thereof is substantially the same as the pulse width of the output outk. 

10 In the scanning circuit structured as described above, a start pulse that is 

high is supplied to the first transfer stage Tl while the clock signal Xb is low as 
shown in FIG. 4. Then, while the start pulse is high, the clock pulse Xa is 
supplied and the gate pulse Ga is supplied. At this time, the switches sla, s3a, 
s5a, ... of the odd-numbered transfer stages Tl, T3, T5, ... are turned on by the 

15 clock pulse Xa. Consequently, since the state is such that a high-level signal is 

input only to the buffer bl of the transfer stage Tl supplied with the start pulse, a 
high-level signal is output via the switch sla and the buffer bl of the transfer stage 
Tl. 

Moreover, since the gate pulse Ga which is high is supplied to the AND 
20 circuits a2, a4, a6, the outputs from the even-numbered transfer stages T2, T4, 
T6, ... appear as the outputs out2, out4, out6, ... of the AND circuits a2, a4, 
a6, ... However, since a signal which is high is output only from the transfer 
stage Tl supplied with the start pulse, the outputs out2, out4, out6, ... of the AND 
circuits a2, a4, a6, ... are low. 
25 Moreover, since the gate pulse Gb input to the AND circuits al, a3, a5, ... 

are low, the outputs outl, out3, out5, ... of the AND circuits al, a3, a5, ... are 
low. The high-level signal output from the transfer stage Tl is held until the next 
clock pulse Xa is supplied after the start pulse becomes low. 
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Then, when the start pulse and the gate pulse Ga become low and the clock 
pulse Xb and the gate pulse Gb are supplied, the outputs out2, out4, out6, ... of 
the AND circuits a2, a4, a6, .. . supplied with the gate pulse Ga become low. At 
this time, the switches s2b, s4b, s6b, ... of the even-numbered transfer stages T2, 
5 T4, T6, ... are turned on by the clock pulse Xb. Consequently, since the state is 
such that a high-level signal is input only to the buffer b2 of the transfer stage T2 
supplied with a high-level signal from the transfer stage Tl, a high-level signal is 
output via the switch s2b and the buffer b2 of the transfer stage T2. 

Moreover, since the gate pulse Gb which is high is supplied to the AND 

10 circuits al, a3, a5, the outputs from the odd-numbered transfer stages Tl, T3, 
T5, ... appear as the outputs outl, out3, out5, ... of the AND circuits al, a3, 
a5, ... Consequently, since a high-level signal is held in the transfer stage Tl, 
only the output outl of the AND circuit al is high. The output outl of the AND 
circuit al is high while the gate pulse Gb is high. Moreover, the high-level signal 

1 5 output from the transfer stage T2 is held until the next clock pulse Xb is supplied. 

Then, when the gate pulse Gb becomes low and the clock pulse Xa and the 
gate pulse Ga are supplied again, the outputs outl, out3, out5, ... of the AND 
circuits al, a3, a5, ... supplied with the gate pulse Gb become low. At this time, 
since the switches sib, s3b, s5b, ... of the transfer stages Tl, T3, T5, ... are 

20 turned on by the clock pulse Xa, a high-level signal is output only from the 
transfer stage T3 supplied with a high-level signal from the transfer stage T2. 
Moreover, since a high-level signal is held in the transfer stage T2, only the output 
out2 is high that is from the AND gate a2 supplied with a high-level signal from 
the transfer stage T2 and the gate pulse Ga which is high. 

25 By alternately supplying the clock pulses Xa and Xb to thereby alternately 

drive the odd-numbered transfer stages Tl, T3, T5, ... and the even-numbered 
transfer stages T2, T4, T6, ... and alternately supplying the gate pulses Gb and Ga 
to thereby alternately drive the AND circuits al, a3, a5, ... and the AND circuits 
a2, a4, a6, ... as described above, the outputs outl to outn can be output from the 
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AND circuits al to an in order of outl, out2, out3, ... and outn as pulse signals 
for scanning. 

By doing this, the pulse width of the clock pulses Xa and Xb externally 
input to the scanning circuit can be less than the full length of the pulse width of 
5 the output outk and can be twice that in the prior art. Consequently, pulse signals 
for high-speed scanning can be output from the scanning circuit with clocks having 
a lower frequency than those in the prior art. Moreover, the pulse width of the 
output outk depends on the pulse width of the gate pulses Ga and Gb. 
Consequently, the pulse width of the pulse signals for scanning can be set by 

10 adjusting the pulse width of the gate pulses. 
< Third Embodiment > 

A third embodiment of the present invention will be described with 
reference to the drawings. FIG. 5 is a schematic circuit diagram showing the 
internal structure of a scanning circuit of the present embodiment. FIG. 6 is a 

15 timing chart showing the operation of the scanning circuit of the present 

embodiment. In the scanning circuit of FIG. 5, the same parts as those of the 
scanning circuit of FIG. 10 are denoted by the same reference numbers, and 
detailed descriptions thereof are omitted. 

The scanning circuit of FIG. 5 comprises: a number, m (m is an integer not 

20 less than 2), of transfer stages tal to tarn connected in series; a number, m, of 
transfer stages tbl to tbm connected in series; and a number, 2m- 1, of AND 
circuits al to a(2m-l) supplied with signals output from the transfer stages tal to 
tarn and signals output from the transfer stages tbl to tbm (the first to the third 
stages are shown in FIG. 5). The transfer stages tak (k is a natural number where 

25 l<k<m) each comprise switches ska and skb and inverters ika and ikb like the 
conventional transfer stages (FIG. 10). 

Each transfer stage tbk comprises: a switch skb one end of which is 
supplied with the output from the transfer stage tb(k-l); an inverter ikb the input 
side of which is connected to the other end of the switch skb; a switch ska one end 
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of which is connected to the output side of the inverter ikb; and an inverter ika the 
input side of which is connected to the other end of the switch ska. 

The switches ska of the transfer stages are switched by a clock signal Xa 
generated by a first clock generating source 3 1 . The switches skb of the transfer 
5 stages are switched by a clock signal Xb generated by a second clock generating 
source 32. Therefore, when the clock signal Xa is high, the switches sla, s2a, 
s3a, ... are on, and when the clock signal Xb is high, the switches sib, s2b, 
s3b, ... are on. The first clock generating source 31 and the second clock 
generating source 32 alternately generate clock pulses Xa and Xb as shown in 
10 FIG. 6. 

When the transfer stages tal to tarn and tbl to tbm are structured as 
described above, the signals output from the transfer stage tak and the transfer 
stage tbk are input to the AND circuit cc(2k-l), and the signals output from the 
transfer stage ta(k+ 1) and the transfer stage tbk are input to the AND circuit a2k. 

15 Then, the clock pulses Xa and Xb for alternately operating the switches sla to sma 
and sib to smb provided in the transfer stages tal to tam and tbl to tbm, 
respectively, are alternately supplied. 

At this time, in the transfer stages tak and tbk, when the clock signal Xa is 
high, the switch ska is on, and when the clock signal Xb is high, the switch skb is 

20 on. The outputs outl to out(2m-l) of the AND circuits ccl to a(2m-l) are used as 
signals for scanning. The output of the transfer stage tak is the output of the 
inverter ikb provided in the transfer stage tak. The output of the transfer stage tbk 
is the output of the inverter ika provided in the transfer stage tbk. 

In the scanning circuit structured as described above, a start pulse that is 

25 high from the generation of the clock pulse Xb to the second generation of the 
clock pulse Xa as shown in FIG. 6 is supplied to the first transfer stages tal and 
tbl. While the start pulse is high, first, the clock pulse Xa is supplied. At this 
time, the switches sla to sma of the transfer stages tal to tam and tbl to tbm are 
turned on. Consequently, in the transfer stage tal, the start pulse which is high is 
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supplied to the inverter ila via the switch si a, and a low-level signal is output 
from the inverter ila. 

Then, the clock pulse Xb is supplied next. At this time, the switches sib to 
smb of the transfer stages tal to tam and tbl to tbm are turned on. Consequently, 
5 in the transfer stage tbl, the start pulse which is high is supplied to the inverter ilb 
via the switch sib and a low-level signal is output from the inverter ilb, and in the 
transfer stage tal, the low-level signal output from the inverter ila is supplied to 
the inverter ilb via the switch sib and a high-level signal is output from the 
inverter ilb. 

1 0 When the clock pulse Xa is supplied again after the start pulse becomes 

low, the switches sla to sma of the transfer stages tal to tam and tbl to tbm are 
turned on. Consequently, in the transfer stage tbl, the low-level signal output 
from the inverter ilb is supplied to the inverter ila via the switch sla and a high- 
level signal is output from the inverter ila, and in the transfer stage ta2, the high- 

15 level signal output from the transfer stage tal is supplied to the inverter i2a via the 
switch s2a and a low-level signal is output from the inverter i2a. 

At this time, in the transfer stage tal, since a low-level signal is input, the 
input low-level signal is supplied to the inverter ila via the switch sla and a high- 
level signal is output from the inverter ila, and since the switch sib is off, the 

20 high-level signal output from the inverter ilb is held. Consequently, the high-level 
signals output from the transfer stages tal and tbl are input to the AND circuit al, 
the output outl of the AND circuit al is high. 

Then, when the clock pulse Xb is supplied again, the switches sib to smb 
of the transfer stages tal to tam and tbl to tbm are turned on. Consequently, in 

25 the transfer stage ta2, the low-level signal output from the inverter i2a is supplied 
to the inverter i2b via the switch s2b and a high-level signal is output from the 
inverter i2b, and in the transfer stage tb2, the high-level signal output from the 
transfer stage tbl is supplied to the inverter i2b via the switch s2b and a low-level 
signal is output from the inverter i2b. 
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At this time, in the transfer stage tal, a high-level signal is supplied from 
the inverter ila to the inverter ilb via the switch sib, and the signal output from 
the inverter ilb is low. In the transfer stage tbl, since a low-level signal is input, 
the input low-level signal is supplied to the inverter ilb via the switch sib and a 
5 high-level signal is output from the inverter ilb, and since the switch sla is off, 
the high-level signal output from the inverter ila is held. 

Consequently, since the signals output from the transfer stages tal, tbl and 
ta2 are low, high and high, respectively, the output outl of the AND circuit al is 
low and the output out2 of the AND circuit a2 is high. 

10 As described above, every time the clock pulse Xb is supplied, a high-level 

pulse signal is output from the transfer stages tal to tarn in order of tal, ta2, ... 
and tarn, and every time the clock pulse Xa is supplied, a high-level pulse signal is 
output from the transfer stages tbl to tbm in order of tbl, tb2, ... and tbm. 
Consequently, every time the clock pulses Xa and Xb are alternately supplied, the 

15 outputs outl to out(2m-l) are output from the AND circuits al to cc(2m-l) in order 
of outl, out2, out3, ... and out(2m-l) as pulse signals for scanning. 

By doing this, the pulse width of the clock pulses Xa and Xb externally 
input to the scanning circuit can be less than the full length of the pulse width of 
the output outk and can be twice that in the prior art. Consequently, pulse signals 

20 for high-speed scanning can be output from the scanning circuit with clocks having 
a lower frequency than those in the prior art. While the number of transfer stages 
tam and the number of transfer stages tbm are the same in this embodiment, the 
present invention is not limited thereto. The number of transfer stages tbm may be 
reduced by one. When this is done, the number of outputs is reduced by one and 

25 the number of AND circuits is 2(m-l). 
< Fourth Embodiment > 

A fourth embodiment of the present invention will be described with 
reference to the drawings. FIG. 7 is a schematic circuit diagram showing the 
internal structure of a scanning circuit of the present embodiment. FIG. 8 is a 
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timing chart showing the operation of the scanning circuit of the present 
embodiment. In the scanning circuit of FIG. 7, the same parts as those of the 
scanning circuit of FIG. 1 are denoted by the same reference numbers, and 
detailed descriptions thereof are omitted. 

5 In the first embodiment, the switches included in the transfer stages are 

divided into two groups, that is, ska and skb. On the contrary, in the present 
embodiment, the switches are divided into three groups, that is, ska, skb and skc. 
Moreover, while two kinds of pulse generating sources are provided in the first 
embodiment, three kinds are provided in the present embodiment. 

10 With this, while an output of a period half the period of the pulses 

generated by the pulse generating sources 11 and 12 is obtained in the first 
embodiment, an output of a period one-third the period of the pulses generated by 
pulse generating sources 41, 42 and 43 is obtained in the present embodiment. 
The scanning circuit of FIG. 7 comprises: a buffer bO the input side of 

15 which is supplied with a start pulse; a number, n (n is an integer not less than 2), 
of transfer stages Tl to Tn connected in series; and a number, n, of AND circuits 
A 1 to An supplied with signals output from the transfer stages Tl to Tn. Each 
transfer stage Tk comprises a switch skx and a buffer bk like the first embodiment 
(FIG. 1) (the first to the sixth stages are shown in FIG. 7). That is, the k-th (k is 

20 an integer where l<k<n) transfer stage Tk comprises: the switch skx (x represents 
one of a, b and c) one end of which is supplied with the output from the transfer 
stage T(k-l); and the buffer bk the input side of which is connected to the other 
end of the switch skx. One end of the switch skx and the output side of the buffer 
b(k+l) are connected to the input side of the AND circuit Ak. The output outk of 

25 the AND circuit Ak is used as a signal for scanning. 

The switches s(3m-2)a provided in the (3m-2)-th ones of the transfer stages 
Tl to Tn are switched by a clock signal Xa generated by the first clock generating 
source 41, where m is an integer and 1< m< n/3. The switches s(3m-l)b provided 
in the (3m-l)-th ones of the transfer stages Tl to Tn are switched by a clock signal 
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Xb generated by the second clock generating source 42. The switches s3mc 
provided in the 3m-th ones of the transfer stages Tl to Tn are switched by a clock 
signal Xc generated by the third clock generating source 43. Consequently, when 
the clock signal Xa is high, the switches sla, s4a, s7a, ... of the transfer stages 
5 Tl, T4, T7, ... are on, when the clock signal Xb is high, the switches s2b, s5b, 
s8b, ... of the transfer stages T2, T5, T8, ... are on, and when the clock signal Xc 
is high, the switches s3c, s6c, s9c, ... of the transfer stages T3, T6, T9, ... are on. 

In the scanning circuit structured as described above, the start pulse that is 
high while the clock signal Xc is low as shown in FIG. 8 is supplied to the first 

10 transfer stage Tl via the buffer bO. Then, when the clock pulse Xa is supplied 
while the start pulse is high, the switches sla, s4a, s7a, ... of the (3m-2)-th 
transfer stages Tl, T4, T7, ... are turned on. Consequently, since the state is such 
that a high-level signal is input only to the buffer bl of the transfer stage Tl 
supplied with the start pulse via the buffer bO, a high-level signal is output via the 

15 switch sla and the buffer bl of the transfer stage Tl. 

At this time, the signal input to the transfer stage Tl is high and the signal 
output from the transfer stage Tl is high. However, the signal output from the 
transfer stage T2 is low, so that the output outl from the AND circuit Al is low. 
Then, the switches sla, s3a, s5a, ... are turned off. When the clock pulse Xb is 

20 supplied, the switches s2b, s5b, s8b, ... of the (3m-l)-th transfer stages T2, T5, 
T8, ... are turned on. Consequently, since the current state is such that a high- 
level signal is supplied only to the buffer b2 of the transfer stage T2 connected to 
the transfer stage Tl, a high-level signal is output via the switch s2b and the buffer 
b2 of the transfer stage T2. At this time, since the start signal input to the transfer 

25 stage Tl is high and the signal output from the transfer stage T2 is high, the two 
inputs to the AND circuit Al are high, so that the output outl from the AND 
circuit Al is high. 

Then, when the clock pulse Xc is supplied again after the switches s2b, 
s4b, s6b, ... are turned off, the switches s3c, s6c, s9c, ... of the 3m-th transfer 
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stages T3, T6, T9, ... are turned on, so that a low-level signal is input to the 
3m-th transfer stages other than the transfer stage T3, which is supplied with a 
high-level signal from the transfer stage T2. At this time, the start pulse goes low, 
so that the low-level signal output via the buffer bO is input to the AND circuit Al, 
5 and the output outl goes low. 

At the same time, the outputs of the stages Tl and T3 are both high. Since 
these two output signals form the inputs to the AND circuit A2, the output out2 
goes high. 

Then, when the clock pulse Xa is supplied again after the switches s3c, 

10 s6c, s9c, ... are turned off, the switches si a, s4a, s7a, ... of the (3m-2)-th transfer 
stages Tl, T4, T7, ... are turned on. The current state is such that a high-level 
signal is supplied to the buffer b4 of the transfer stage T4 connected to the transfer 
stage T3, a high-level signal is output via the switch s4a and the buffer b4 of the 
transfer stage T4. At this time, since the signal input to the transfer stage T3 is 

15 high and the signal output from the transfer stage T3 is high, the two inputs to the 
AND circuit A3 are high, so that the output out3 from the AND circuit A3 is high. 

At the same time, when the clock pulse Xa is supplied again after the 
switches s3c, s6c, s9c, ... are turned off, the switches sla, s4a, s7a, ... of the 
(3m-2)-th transfer stages Tl, T4, T7, ... are turned on, so that a low-level signal is 

20 input to the (3m-2)-th transfer stages other than the transfer stage T4, which is 

supplied with a high-level signal from the transfer stage T3. At this time, the low- 
level signal output via the switch sla and the buffer bl of the transfer stage Tl is 
output to the AND circuit A2, so that the output out2 is low. 

Then, when the clock pulse Xb is supplied again after the switches sla, 

25 s3a, s5a, ... are turned off, the transfer stage T5 performs an operation similar to 
that performed by the transfer stage T2 when the clock pulse Xb is supplied and 
the output outl is output, so that the signal input to the transfer stage T4 is high 
and the signal output from the transfer stage T5 is high. Consequently, the output 
out4 from the AND circuit A4 is high. 
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By alternately supplying the clock pulses Xa, Xb and Xc to thereby 
alternately drive the (3m-2)-th transfer stages Tl, T4, T7, the (3m-l)-th 
transfer stages T2, T5, T8, ... and the 3m-th transfer stages T3, T6, T9, ... as 
described above, the outputs outl to outn can be output from the AND circuits Al 
5 to An in order of outl, out2, out3, . . . and outn as pulse signals for scanning. 

By doing this, the pulse width of the clock pulses Xa, Xb and Xc externally 
input to the scanning circuit can be less than the full length of the pulse width of 
the output outk. That is, pulse signal outputs for scanning can be obtained at 
intervals shorter than the intervals at which the clock generating sources generate 

10 the clocks. Specifically, in the present embodiment, the pulse width can be three 
times that in the prior art. Consequently, pulse signals for high-speed scanning 
can be output from the scanning circuit with clocks having a lower frequency than 
those in the prior art. 
< Exemplary Implementation > 

15 An imaging apparatus to which any one of the scanning circuits of the first 

to the fourth embodiments is applied will be described with reference to FIG. 9. 
FIG. 9 is a block diagram showing the internal structure of the imaging apparatus 
according to any one of the first to the fourth embodiments. 

The imaging apparatus of FIG. 9 comprises: a solid-state image sensing 

20 device 1 having a plurality of pixels arranged in a matrix; a vertical scanning 

circuit 2 for selecting pixels of the solid-state image sensing device 1 in units of 
rows; a horizontal scanning circuit 3 for selecting pixels of the solid-state image 
sensing device 1 in units of columns; an output circuit 4 that amplifies and outputs 
the values from the pixels of the solid-state image sensing device 1 ; and a clock 

25 generating circuit 5 that supplies clocks to switches in the horizontal scanning 
circuit 3 . The clock generating circuit 5 has a plurality of clock generating 
sources, and the number of clock generating sources varies between two and three 
according to which of the structures of the first to the fourth embodiments the 
horizontal scanning circuit 3 is provided with. 
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In the imaging apparatus structured as described above, the vertical 
scanning circuit 2 drives pixels of the solid-state image sensing device 1 by biasing 
them in units of rows so that pixels, in a row, of the solid-state image sensing 
device 1 are switched every vertical scanning period. Then, the horizontal 

5 scanning circuit 3 successively drives an output switch provided in the output 

circuit 4 for each column of pixels of the solid-state image sensing device 1 within 
one vertical scanning period, whereby the outputs of the pixels in one row driven 
by the vertical scanning circuit 2 are amplified and output one by one by the output 
circuit 4. That is, when there are a number, x, of pixels in one row in the solid- 

10 state image sensing device 1, a number, x, of pulses are output from the horizontal 
scanning circuit 3 while one pulse is output from the vertical scanning circuit 2. 
In a case where a matrix is scanned in units of rows as described above, 
successively sampling elements included in a row is referred to as main scanning, 
and shifting the row to be scanned is referred to as sub scanning. In this imaging 

15 apparatus, the horizontal scanning is the main scanning, and the vertical scanning 
is the sub scanning. 

As described above, it is necessary that the horizontal scanning circuit 3 be 
driven at a higher speed than the vertical scanning circuit 2. Therefore, by using 
any one of the scanning circuits of the first to the fourth embodiments as the 

20 horizontal scanning circuit 3 , the horizontal scanning circuit 3 can be driven at a 
high speed even when the frequency of the externally input clock signals is low. 

By doing this, the pulse width of the clock signals externally input to the 
scanning circuit can be less than the full length of the pulse width of the pulse 
signals for scanning and can be twice that in the prior art. Consequently, pulse 

25 signals for scanning can be output from the scanning circuit with clock signals 

having a lower frequency than those in the prior art. For this reason, the scanning 
circuit is suitable for high-speed driving. Moreover, by adjusting the pulse width 
of the first and the second pulses, the pulse width of the pulse signals for scanning 
can be set, so that the pulse signals are reliable. 
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Although the present invention has been fully described by way of 
examples with reference to the accompanying drawings, it is to be noted that 
various changes and modifications will be apparent to those skilled in the art. 
Therefore, unless such changes and modifications depart from the scope of the 
5 present invention, they should be construed as being included therein. 
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